Barium (Ba) incorporated in the calcite of many foraminiferal species is proportional to the 19 concentration of Ba in seawater. Since the open ocean concentration of Ba closely follows 20 seawater alkalinity, foraminiferal Ba/Ca can be used to reconstruct the latter. Alternatively, 21 Ba/Ca from foraminiferal shells can also be used to reconstruct salinity in coastal settings where 22 seawater Ba concentration corresponds to salinity as rivers contain much more Ba than 23 seawater. Incorporation of a number of minor and trace elements is known to vary (greatly) 24 between foraminiferal species and application of element/Ca ratios thus requires the use of 25 species-specific calibrations. Here we show that calcite Ba/Ca correlates positively and linearly 26 with seawater Ba/Ca in cultured specimens of two species of benthic foraminifera, 27 Heterostegina depressa and Amphistegina lessonii. The slopes of the regression, however, vary 28 2-3 fold between these two species (0.33 and 0.78, respectively). This difference in Ba-29 partitioning resembles the difference in partitioning of other elements (Mg, Sr, B, Li and Na) 30 in these foraminiferal taxa. A general trend across element partitioning for different species is 31 described, which may help developing new applications of trace elements in foraminiferal 32 calcite in reconstructing past seawater chemistry. 33 34
1 Introduction 37 Incorporation of barium (Ba) in foraminiferal calcite is proportional to seawater barium 38 concentrations (e.g. ; Lea and Spero, 1994) . Open ocean surface 39 barium concentrations are relatively uniform (Chan et al., 1977; Broecker and Peng, 1982) and 40 since [Ba 2+ ] is removed at the surface and regenerated at depth, its vertical concentration 41 resembles that of alkalinity (Li and Chan, 1979; Rubin et al., 2003) . For this reason, fossil 42 foraminiferal Ba/Ca has been used to reconstruct past alkalinity (e.g. Lea, 1995 Bahr et al., 2013) . These reconstructions can be complicated by upwelling 47 affecting surface Ba/Ca Hatch et al., 2013) . Moreover, Ba cycling at or close 48 to the seafloor can affect Ba uptake in benthic foraminifera (Ni Flaithearta et al., 2010) . 49 Application of Ba/Ca critically depends on the prerequisite that temperature, salinity as such 50 (Lea and Spero, 1994; Hönisch et al., 2011) and photosymbiont activity (Lea and Spero, 1992; 51 Hönisch et al., 2011) do not affect Ba incorporation in foraminiferal shell carbonate. Still, Ba/Ca 52 ratios are known to vary within chamber walls of crust-producing planktonic foraminifera 53 (Eggins et al., 2003; Hathorne et al., 2009 ). Like Mg/Ca, the values for Ba in crust carbonate 54 are lower, which cannot be (solely) explained by migration to greater water depths during crust 55 formation (Hathorne et al., 2009 ). This argues for an unknown additional imprint on Ba 56 incorporation. On an intra-test scale, the distributions of Mg and Ba within the test wall of 57 Pulleniatina obliquiloculata have been shown to co-vary to some extent, with maximum 58 concentrations often, but not always, coinciding with the 'organic linings' (Kunioka et al., 59 2006). For some other elements, including Mg and Sr, incorporation has been shown to be inter-60 dependent (e.g. Mewes et al., 2015) . Such interdependency, however, varies between pairs of 61 elements and is explained by a combination of simultaneous fractionation by the same process 62 (e.g. Langer et al., 2016) and by involvement of different processes during calcification (Nehrke 63 et al., 2013). These models and experimental results may imply that also the incorporation of 64 Ba could be influenced by these physiological processes and/ or the same fractionation process showing pseudopodial activity, a dark brown cytoplasm and minimal signs of bleaching were 124 handpicked with a small brush under a Zeiss Stereo microscope and transferred to well plates. 125 Adult specimens of H. depressa were picked directly from the aquarium with soft tweezers. 126 After two weeks several individuals of both species underwent asexual reproduction. Individual 127 H. depressa parent cells produced sufficient numbers of juveniles to study separate clone 128 groups. Approximately 20 juveniles with two or three chambers from the same parent were 129 selected for every treatment and divided over two Petri dishes (diameter 55 mm, containing 130 approximately 10 ml of culture medium). In total, two clone groups were used in the 131 experiments resulting in a total of at least 40 individuals per treatment. Specimens of A. lessonii 132 did not produce sufficient numbers of juveniles for analysis of separate clone groups. Therefore, 133 approximately 60 juveniles with two or three chambers from different parents were selected per All specimens were fed Dunaliella salina algae every three to four days. Although A. lessonii 142 hosts symbionts, this foraminiferal species does not exclusively rely on nutrients from their 143 symbionts, but also ingests algae (Lee, 2006) . To avoid changes in the barium concentration of 144 the culture media, the water in the dishes containing foraminifera were diluted as little as 145 possible by the solution containing the food for the foraminifera. For this purpose, foraminifera 146 were fed 50 μl of a solution containing algae that was centrifuged at 2000 rpm for 10 minutes. 147 Algae concentrated at the bottom of the tube were transferred to an empty tube with a pipette. Table 2 ). 248 ANOVA performed on the individual data points combined with regression analyses reveals a 249 significant increase of Ba/Cacc with Ba/Casw for both species (Table 3) Ba/Ca regressions for Amphistegina and Heterostegina, the resulting z-score is higher than >7, 303 indicating that the two slopes are significantly different. 304 When comparing the single-chamber DBa with DMg, of all data combined, the partition 305 coefficient for Mg is over 30 times lower than that of for Ba (Figure 4 ). Over the range in 306 Ba/Casw studied here, the relation between DBa and DMg is linear within both species. For A. showed that in a number of larger benthic foraminifera, Ba/Ca is positively influenced by pCO2. 368 Our observations show, however, that the observed differences in DBa between H. depressa and 369 A. lessonii and also the offset with the planktonic species are inherent to these species. A small 370 impact of environmental parameters other than seawater Ba/Ca may account for the slightly 371 higher DBa in the foraminifera taken from the aquarium compared to the cultured ones ( Figure   372 2). The overall differences in partitioning seem to coincide with different taxonomic groups, 373 which may indicate that foraminifera may differ in their controls on transporting ions from 374 seawater to the site of calcification. For example, the contribution of transmembrane transport versus that of seawater transport (i.e. leakage; Nehrke et al., 2013 (Figure 4) . The Mg/Ca in the former species is approximately 2.5 times 451 that of the latter, which is similar to the difference observed in Ba/Ca ratios between these 452 species and implies that Ba changes in concert with Mg, which is consistent with the single-453 chamber correlation between Mg/Ca and Ba/Ca (Figure 4) . Such a change could potentially be 454 caused inorganically by differences in Mg opening up the crystal lattice in such a way that it 455 can accommodate more or less Ba. Such a mechanism is described for Mg and Sr this study, , Lea and Boyle (1991) , Lea and Spero (1994) 
